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(54) Vehicle drive with hydrostatic-mechanical transmission 



(57) The present invention provides a vehicle trav- 
elling control apparatus for a vehicle with an HST (10) 
and a mechanical transmission (30), which are connect- 
ed in tandem to each other and interposed in a travelling 
power transmission path between a driving power 
source (200) and driving wheels (210). The vehicle trav- 
elling control apparatus includes a speed-change con- 
trol mechanism which in turn includes a signal detection 
part (110) and a control part (150) for controlling the 
changing of the output speed of the HST and the shifting 



operation of the mechanical transmission. The signal 
detection part (110) includes a load-torque detection 
means (111) for detecting the load torque with respect 
to the vehicle. 

The control part (150) is designed to control the me- 
chanical transmission and the HST based upon the de- 
tected results by the load-torque detection means (111) 
so that where the vehicle lies in a high load torque state, 
the control part (150) downshifts the mechanical trans- 
mission to a lower speed stage, while increasing the out- 
put speed of the HST. 
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Description 

BACKGROUND OF THE INVENTION 

[0001 ] The present invention relates to a vehicle trav- 
elling control apparatus for a vehicle with a hydrostatic 
transmission (hereinafter referred to as HST) and a me- 
chanical transmission connected in tandem to the HST. 
[0002] It is known from Japanese Unexamined Patent 
Application Publication (Kokai) No. H3-24366 for exam- 
ple that, in a vehicle with the HST and the mechanical 
transmission connected in tandem to the HST, the shift- 
ing operation of the mechanical transmission is auto- 
matically performed according to changes in load torque 
during vehicle travels. 

[0003] The vehicle travelling control apparatus of the 
type disclosed in the above-cited publication is designed 
to automatically upshift and downshift the mechanical 
transmission according to changes in load torque due 
to various vehicle travelling conditions, so that a proper 
drive torque adapted to varying load torque in various 
travelling conditions can be obtained, while preventing 
a troublesome manual operation to be made for the 
gear-changing of the mechanical transmission in the 
conventional apparatus. 

[0004] Specifically, the vehicle travelling control appa- 
ratus disclosed in the cited publication is designed to 
detect the hydraulic circuit pressure of the HST to down- 
shift the mechanical transmission to a lower speed 
stage where the detected level is above a pre-set level 
for obtaining a higher drive torque, and upshift the same 
to a higher speed stage for a high speed travelling where 
the detected level is below the pre-set level. 
[0005] The travelling control apparatus of the conven- 
tional type having the above arrangement omits the ne- 
cessity of manual shift operation of the mechanical 
transmission for improvement of the operability of the 
vehicle. However, the apparatus of this type causes a 
great difference in speed due to shift-changes of the me- 
chanical transmission. Hence, the ride quality of the ve- 
hicle may be deteriorated, and various adverse effects 
such as engine stall occur in some cases. 
[0006] The present invention has been conceived to 
solve the above problems. It is an object of the present 
invention to provide a vehicle control apparatus for the 
vehicle with the HST and the mechanical transmission 
connected in tandem to the HST that is capable of au- 
tomatically upshifting and downshifting the mechanical 
transmission according to varying load torque, while ef- 
ficiently limiting speed variation of the vehicle due to the 
shift change of the mechanical transmission. 

SUMMARY OF THE INVENTION 

[0007] In consideration of the above cited prior art, ac- 
cording to the present invention, there is provided a ve- 
hicle travelling control apparatus for a vehicle with an 
HST and a mechanical transmission interposed in a 



travelling power transmission path between a driving 
power source and driving wheels. The vehicle travelling 
control apparatus includes a speed-change control 
mechanism which in turn includes a signal detection part 

5 and a control part for controlling the changing of the out- 
put speed of the HST and the shifting operation of the 
mechanical transmission. The signal detection part in- 
cludes a load-torque detection means for detecting the 
load torque with respect to the vehicle. The control part 

w is designed to control the mechanical transmission and 
the HST based upon the detected results by the load- 
torque detection means so that where the vehicle lies in 
a high load torque state, the control part downshift the 
mechanical transmission to a lower speed stage, while 

'5 increasing the output speed of the HST 

[0008] According to the vehicle travelling control ap- 
paratus having the above arrangement, the mechanical 
transmission can automatically be downshifted to a low- 
er speed stage in order to obtain a larger driving torque, 

20 where the vehicle lies in a high load torque state. It is 
also possible to effectively limit the variation of the ve- 
hicle speed due to the downshifting of the mechanical 
transmission. 

[0009] The control part is preferably designed to con- 

25 trol the mechanical transmission and the HST based up- 
on the detected results by the load-torque detection 
means so that where the vehicle lies in a low load torque 
state, the control part upshifts the mechanical transmis- 
sion to a higher speed stage, while decreasing the out- 

30 put speed of the HST 

[0010] With the thus designed control part, the me- 
chanical transmission can automatically be upshifted to 
a higher speed stage in order to enable the vehicle to 
travel at higher speed, where the vehicle lies in a low 

35 load torque state. It is also possible to effectively limit 
the variation of the vehicle speed due to the upshifting 
of the mechanical transmission. 
[001 1 ] The vehicle travelling control apparatus having 
the above arrangement is preferably arranged in the fol- 

40 lowing manner. Specifically, the HST includes a hydrau- 
lic pump and a hydraulic motor such as of the axial pis- 
ton type and radial piston type connected to the hydrau- 
lic pump via a pair of hydraulic lines. The load-torque 
detection means is designed to detect whether the hy- 

45 draulic pressure of the pair of hydraulic lines is above a 
reference level of high pressure side or below a refer- 
ence level of low pressure side, thereby detecting which 
state out of the high load torque state, the low load 
torque state and a proper load torque state the vehicle 

50 lies in. The control part includes a memory for storing 
data concerning the relationship between the hydraulic 
pressure of the pair of hydraulic lines and the load torque 
of the HST, and a processor for calculating control sig- 
nals transmitted to the HST and the mechanical trans- 

55 mission. The processor is designed to output control sig- 
nals for the mechanical transmission and the HST 
based upon the detected signals from the load-torque 
detection means. 
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[0012] It is also preferable to employ the following ar- 
rangement. Specifically, the signal detection part in- 
cludes a displacement-amount detection means for de- 
tecting the displacement amount of an output control 
member of the HST, and a lever pivoting angle detection 
means for detecting the pivoting angle of a operation 
lever designed to manually control the output control 
member of the HST. The memory is also designed to 
store data concerning a vehicle-speed-to-displace- 
ment-amount-relationship which is the relationship be- 
tween the displacement amount of the output control 
member and the vehicle speed. The processor is de- 
signed to detect by using the displacement amount of 
the output control member inputted from the displace- 
ment-amount detection means a current vehicle speed 
based upon the vehicle-speed-to-displacement- 
amount-relationship in a currently engaging speed 
stage of the mechanical transmission, and determine by 
using the detected current vehicle speed whether the 
mechanical transmission lies in a state enabling its 
speed changing, based upon the vehicle-speed-to-dis- 
placement-amount-relationship in a speed stage of the 
mechanical transmission to be subsequently engaged. 
[0013] The processor is preferably designed to con- 
trol by using the detected current vehicle speed the out- 
put control member so as to prevent variation of the ve- 
hicle speed due to the shifting operation of the mechan- 
ical transmission, based upon the vehicle-speed-to-dis- 
placement-amount-relationship in a speed stage of the 
mechanical transmission to be subsequently engaged, 
where the processor has determined that the shifting op- 
eration of the mechanical transmission can be per- 
formed. 

[0014] The vehicle travelling control apparatus pref- 
erably includes a hydraulic-pressure control mechanism 
for controlling the hydraulic pressure of working fluid for 
effecting engagement and disengagement of clutch de- 
vices in the mechanical transmission. The hydraulic- 
pressure control mechanism is disposed within a hy- 
draulic circuit acting as afeeding passage of the working 
fluid, and includes a delay relief valve for gradually in- 
creasing the hydraulic pressure of the working fluid fed 
to a clutch device of the clutch devices to be subse- 
quently engaged from an initial hydraulic pressure level 
to a preset hydraulic pressure level. The delay relief 
valve is designed so that the diameter of a throttle ap- 
erture for regulating the amount of the working fluid act- 
ing on the control piston is enlarged according to the 
increase of the hydraulic pressure in a hydraulic circuit 
of the HST. 

[0015] With the above arrangement, it is possible to 
properly control the hydraulic pressure of the working 
fluid during it is gradually raised from the initial hydraulic 
pressure level to the preset hydraulic pressure level ac- 
cording to the load torque to the vehicle. That is, it is 
possible to perform the shifting operation of the mechan- 
ical transmission in a shorter period of time with a higher 
engaging torque, as the load torque to the vehicle in- 



creases. Thus, it is possible to prevent an abrupt speed 
change or shift shock at the time of shifting operation of 
the mechanical transmission and other undesirable ef- 
fects, and perform the shifting operation at ideal timing 
5 without using a complicated, high-precision and expen- 
sive electronic control system, and hence improve the 
ride quality of the vehicle. 

[0016] The delay relief valve is preferably designed 
so that a control piston moves a valve for effecting corn- 
to munication with and shutting off to a drain line from an 
initial hydraulic pressure position to a preset hydraulic 
pressure position, against the biasing force of a hydrau- 
lic pressure setting spring biasing the valve towards a 
side enabling the shutting off to the drain line, when the 
15 delay relieve valve gradually increases the hydraulic 
pressure of the working fluid from the initial hydraulic 
pressure level to the preset hydraulic pressure level. 
The delay relief valve is also designed so that the initial 
hydraulic pressure position of the control piston moves 
20 closer to the preset hydraulic pressure position accord- 
ing to the increase of the hydraulic pressure in a hydrau- 
lic circuit of the HST. 

[001 7] With the above arrangement, it is also possible 
to produce the effects as described above. Specifically, 

25 it is possible to perform the shifting operation of the me- 
chanical transmission in a shorter period of time with a 
higher engaging torque, as the load torque to the vehicle 
increases. Thus, it is possible to prevent an abrupt 
speed or shift shock change at the time of shifting oper- 

30 ation of the mechanical transmission and other undesir- 
able effects, and perform the shifting operation at ideal 
timing without using a complicated, high-precision and 
expensive electronic control system, and hence im- 
prove the ride quality of the vehicle. 

35 [0018] The delay relief valve is also preferably de- 
signed so that a control piston moves a valve for effect- 
ing communication with and shutting off to a drain line 
from an initial hydraulic pressure position to a preset hy- 
draulic pressure position, against the biasing force of a 

40 hydraulic pressure setting spring biasing the valve to- 
wards a side enabling the shutting off to the drain line, 
when the delay relieve valve gradually increases the hy- 
draulic pressure of the working fluid from the initial hy- 
draulic pressure level to the preset hydraulic pressure 

45 level. The delay relief valve is also preferably designed 
so that the diameter of a throttle aperture for regulating 
the amount of the working fluid acting on the control pis- 
ton is enlarged according to the increase of the hydraulic 
pressure in a hydraulic circuit of the HST. Moreover, the 

so delay relief valve is preferably designed so that the initial 

"~ : hydraulic pressure position of the ( Control piston moves 
closer to the preset hydraulic pressure position accord- 
ing to the increase of the hydraulic pressure in a hydrau- 
lic circuit in the HST. 

55 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0019] FIG. 1 illustrates a power transmission path of 
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a vehicle to which one embodiment of the vehicle trav- 
elling control apparatus of the present invention is ap- 
plied. 

[0020] FIG. 2 is a hydraulic circuit diagram of the trav- 
elling control apparatus illustrated in FIG. 1. 
[0021] FIG. 3 is a block diagram of a speed-change 
control mechanism in the travelling control apparatus of 
FIG. 1. 

[0022] FIG. 4 is a graph showing the relationship be- 
tween the HST working pressure and the HST load 
torque. 

[0023] FIG. 5 is a graph showing the relationship be- 
tween an HST swash plate tilting angle and the vehicle 
speed for the vehicle illustrated in FIG. 1 , in which the 
relationship is shown for each speed stage of the me- 
chanical transmission. 

[0024] FIG. 6 is a graph showing the relationship be- 
tween the hydraulic pressure in a speed-change line 
currently engaged and the hydraulic pressure in a 
speed-change line to be subsequently engaged, and a 
time period, which shows a shifting condition for the me- 
chanical transmission. 

[0025] FIG. 7 is a former part of the control flow chart 
of a control unit. 

[0026] FIG. 8 is a latter part of the control flow chart 
of the control unit. 

[0027] FIG. 9 is a control flow chart of sub-routine A 
in FIG. 8. 

[0028] FIG. 1 0 is a control flow chart of sub-routine B 
in FIG. 8. 

[0029] FIGS. 11 A and 11 Bare graphs showing the re- 
lationship between the HST swash plate tilting angle 
and the vehicle speed, respectively during an automatic 
downshifting operation of the mechanical transmission 
from the second speed stage to the first speed stage, a 
successive automatic downshifting and upshifting oper- 
ation, namely downshifting from the second speed 
stage to the first speed stage, and then upshifting from 
the first speed stage to the second speed stage. 
[0030] FIGS. 12A and 12B are graphs showing the re- 
lationship between the HST swash plate tilting angle 
and the vehicle speed, respectively during an automatic 
upshifting operation of the mechanical transmission 
from the second speed stage to the third speed stage, 
and a successive automatic shifting operation, namely 
downshifting from the second speed stage to the third 
speed stage, and then upshifting to the second speed 
stage therefrom. 

[0031] FIG. 1 3 is a hydraulic circuit diagram of the ve- 
hicle travelling control apparatus according to another 
embodiment of the present invention. 
[0032] FIG. 1 4 is a longitudinal cross section of a de- 
lay relief valve in the travelling control apparatus illus- 
trated in FIG. 1 3, showing a low load torque state where 
the load torque relative to the vehicle is low. 
[0033] FIG. 15 is a longitudinal cross section of the 
delay relief valve of FIG. 14 in a medium load torque 
state where the load torque relative to the vehicle is me- 



dium. 

[0034] FIG. 16 is a longitudinal cross section of the 
delay relief valve of FIG. 14 in a high load torque state 
where the load torque relative to the vehicle is high. 
5 [0035] FIG. 17 is an exploded perspective view of a 
lid member and a sliding member in the delay relief valve 
illustrated in FIGS. 14 to 16. 

[0036] FIG. 1 8 is a graph showing changes in hydrau- 
lic pressure of the hydraulic circuit in a hydraulic-pres- 
to sure control mechanism for the mechanical transmis- 
sion. 

[0037] FIG. 1 9 is a longitudinal cross section of a mod- 
ified delay relief valve, showing a low load torque state 
where the load torque relative to the vehicle is low. 
15 [0038] FIG. 20 is a longitudinal cross section of the 
delay relief valve of FIG. 19 in a medium load torque 
state where the load torque relative to the vehicle is me- 
dium. 

[0039] FIG. 21 is a longitudinal cross section of the 
20 delay relief valve of FIG. 1 9 in a high load torque state 
where the load torque relative to the vehicle is high. 
[0040] FIG. 22 is a graph showing changes in hydrau- 
lic pressure of the hydraulic circuit in the hydraulic-pres- 
sure control mechanism for the mechanical transmis- 
25 sion, with the delay relief valve illustrated in FIGS. 1 9 to 
21. 

DETAILED DESCRIPTION OF THE PREFERRED 
EMBODIMENT 

30 

Embodiment 1 

[0041] The description will hereinafter be made for a 
preferred embodiment of the travelling control appara- 
35 tus according to the present invention with reference to 
the appended drawings. FIG. 1 is a model view of a pow- 
er transmission path of the vehicle to which the vehicle 
travelling control apparatus of this embodiment is ap- 
plied. 

40 [0042] The travelling control apparatus of this embod- 
iment includes an HST 10 and a mechanical transmis- 
sion 30 coupled thereto in tandem that are interposed 
in thetravelling power transmission path between a driv- 
ing power source 200 and driving wheels 21 0 (see FIG. 

45 1), and a speed-change control mechanism for control- 
ling the speed-change of the HST 10 and the mechan- 
ical transmission 60. 

[0043] A reference numeral 300 in FIG. 1 represents 
an emergency clutch for forcibly coupling a driving shaft 

so 231 hereinafter described to an output shaft 31 Q, which 
clutch is adapted to be used to transmit the power of the 
HST directly to the output shaft 31 0 in an emergency. A 
reference numeral 320 represents a PTO shaft of the 
front wheels, which is operatively coupled to the output 

ss shaft 310. 

[0044] Now, the description will be made for the HST 
10 with reference to FIGS. 1 and 2. FIG. 2 is a hydraulic 
circuit diagram of the HST 1 0 and the mechanical trans- 
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mission 60. 

[00451 As illustrated in FIGS. 1 and 2, the HST 1 0 of 
this embodiment is of the type that includes a hydraulic 
pump 11 with a pump shaft 11a operatively coupled to 
a driving power source 1 00, a hydraulic motor 1 5 with a 
motor shaft 15a, and a pair of hydraulic lines 20 con- 
necting the hydraulic pump 11 with the hydraulic motor 
15 to constitute a closed circuit. 
[0046] At least one of the hydraulic pump 11 and the 
hydraulic motor 15 is of a variable displacement axial 
piston type that includes a swash plate, so that the ro- 
tation of the motor shaft 15a is non-stepwisely varied 
relative to the rotation of the pump shaft 11a by operat- 
ing the swash plate. In this embodiment, the hydraulic 
pump 11 and the hydraulic motor 1 5 are respectively of 
the variable displacement axial piston type with a swash 
plate 11b, and a fixed displacement axial piston type. 
[0047] It is to be noted that, where the hydraulic pump 
and the hydraulic motor are of the variable displacement 
radial piston type, a cam ring is employed in place of the 
swash plate. Accordingly, in the description made here- 
inbelow and the drawings, the terms, "swash plate", 
"swash plate angle" or "swash plate tilting angle", and 
"vehicle-speed-to-swash-plate-angle-relationship" 
should respectively be interpreted as cam ring, dis- 
placement angle and vehicle-speed-to-displacement- 
angle-relationship, when the radial piston type is used 
in the HST. In addition, "output control member", and 
"displacement amount" referred above are generic 
terms which should respectively encompass both the 
swash plate and the cam ring, and both the swash plate 
angle and the displacement angle. 
[0048] The HST 10 also includes a charging mecha- 
nism 30 for feeding pressurized hydraulic fluid to the pair 
of hydraulic lines 20, maximum working pressure setting 
mechanisms 40 for setting a maximum working pres- 
sure Pmax in a higher pressure side of the pair of hy- 
draulic lines, and a swash-plate operation mechanism 
50 for operating the swash plate. 
[0049] The charging mechanism 30 includes a by- 
pass line 31 for communication between the pair of hy- 
draulic lines 20, a charge line 32 for feeding pressurized 
hydraulic fluid from the charge pump 21 0 to the bypass 
line 31 , check valves 33 disposed in the bypass line 31 
for allowing the pressurized hydraulic fluid to flow from 
the charge line 32 into the pair of hydraulic lines 20, 
while preventing the reverse flow of the pressurized hy- 
draulic fluid from the pair of hydraulic lines 20 into the 
charge line 32. 

[0050] In FIG. 2, a reference numeral 221 is a distrib- 
utor for distributing the pressurized hydraulic fluid fed 
from the charge pump 110. 

[0051] The maximum working pressure setting mech- 
anisms 40 each includes a setting line 41 having a first 
end connected to a corresponding one of the pair of hy- 
draulic lines 20 and a second end connected between 
the check valves 33 in the bypass line 31, and a relief 
valve 42 disposed in the setting line 41. The thus ar- 



ranged maximum working pressure setting mecha- 
nisms 40 are designed to discharge the pressurized hy- 
draulic fluid from the pair of hydraulic lines 20 through 
the relief valves 42, when the hydraulic pressure of the 

s fluid exceeds the predetermined level. 

[0052] The swash-plate operation mechanism 50 in- 
cludes a control shaft (not shown) coupled to the swash 
plate 1 1 b, a piston device 51 coupled to the control shaft 
via a suitable link mechanism, and a swash-plate oper- 

10 ating line 52 for controlling the feeding of the pressurized 
hydraulic fluid to the piston device 51 which is connected 
to the swash plate 11b. 

[0053] The piston device 51 includes a cylinder 51a 
and a piston 51b slidingly movable within the cylinder 

15 as dividing the cylinder 51 a into a positive rotation cham- 
ber 51 a' and a negative rotation chamber 51a". 
[0054] The swash-plate operating line 52 includes a 
first pressurized fluid line 52a to which the pressurized 
hydraulic fluid is fed from a charge pump 220, a servo 

20 valve 52b connected to a rear end of the first pressurized 
fluid line 52a, a positive rotation line 52c and a negative 
rotation line 52d for communicating a rear side of the 
servo valve 52b to the positive rotation chamber 51a' 
and to the negative rotation chamber 51 a" respectively, 

25 and a drain line 52e disposed on the front side of the 
servo valve 52b. 

[0055] The servo valve 52b is designed to take vari- 
ous positions according to signals transmitted from a 
control part hereinafter described, namely a positive ro- 
se tation position enabling the communications respective- 
ly between the first pressurized fluid line 52a and the 
positive rotation line 52c and between the drain line 52e 
and the negative rotation line 52d, a negative rotation 
position enabling the communications respectively be- 
35 tween the drain line 52e and the positive rotation line 
52c and between the first pressurized fluid line 52a and 
the negative rotation line 52d, and a neutral position en- 
abling the closing of the positive rotation line 52c and 
the negative rotation line 52d. 
40 [0056] The thus arranged swash-plate operation 
mechanism 50 takes actions as described below. 
[0057] At the positive rotation position, the servo valve 
52b enables the pressurized hydraulic fluid to be fed into 
the positive rotation chamber 51 a' via the positive rota- 
45 tion line 52c, and discharged from the negative rotation 
chamber 51 a" via the negative rotation line 52d. Accord- 
ingly, the piston 51 b moves towards the right-hand side 
in FIG. 2 so that the control shaft is rotated in a first di- 
rection and the swash plate 11b is rotated in a positive 
50 direction. The positive rotation described herein repre- 
sents a direction enabling the vehicle to travel forward. 
[0058] On the contrary, at the negative rotation posi- 
tion, the servo valve 52b enables the pressurized hy- 
draulic fluid to be discharged from the positive rotation 
55 chamber 51 a* via the positive rotation line 52c, and the 
same to be fed into the negative rotation chamber 51 a" 
via the negative rotation line 52d. Accordingly, the piston 
51b moves towards the left-hand side in FIG. 2 so that 
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the control shaft is rotated in a second direction and the 
swash plate 11b is rotated in a negative direction. Sim- 
ilarly, the negative rotation described herein represents 
a direction enabling the vehicle to travel rearward. 
[0059J At the neutral position, the servo valve 52b en- 
ables the positive rotation chamber 51 a' and the nega- 
tive rotation chamber 51 a" to close. Thus, the piston 51b 
is locked at its position, while the swash plate is held at 
a current position. 

[0060] A reference numeral 55 in FIG. 2 represents a 
relief valve for setting the hydraulic pressure of the first 
pressurized fluid line 52a. 

[0061] Now, the description will be made for the me- 
chanical transmission 60. The mechanical transmission 
60 as illustrated in FIGS. 1 and 2 includes several power 
shift devices 70 (three power shift devices 70a to 70c in 
this embodiment) for changing the speed between the 
driving shaft 231 and a driven shaft 232, and a speed- 
change operation mechanism 80 for actuating either 
one of the power shift devices 70. 
[0062] In this embodiment, the driving shaft 231 is an 
intermediate shaft disposed coaxially with the motor 
shaft 15a and coupled to the motor shaft 15a in a non- 
rotatable manner relative to the axis of the motor shaft 
15a. The driven shaft 232 is a cylindrical shaft disposed 
coaxially with the pump shaft 1 1 a for rotatably receiving 
a PTO shaft 233 coaxially coupled to the pump shaft 1 1 a 
in a non-rotatable manner relative to the axis of the 
pump shaft, thereby accomplishing the reduction of the 
entire size of the vehicle with the PTO shaft 233. 
[0063] The power shift devices 70a to 70c respective- 
ly include clutch devices 71 a to 71c supported on either 
one of the driving shaft 231 and the driven shaft 232, 
and fixed gears 72a to 72c non-rotatably supported on 
the remnant shaft. 

[0064] The clutch devices 71 a to 71 c respectively in- 
clude pressing members 73a to 73c non-rotatably and 
axially slidably supported on the aforesaid either one of 
the driving shaft 231 , and idle gears 74a to 74c rotatably 
and axially non-slidably supported on the aforesaid ei- 
ther one of the driving shaft 23 land adapted to be 
brought into meshed engagement with the fixed gears 
72a to 72c. 

[0065] The pressing members 73a to 73c and the idle 
gears 74a to 74c are respectively provided with driving 
clutch discs (not shown). The clutch devices 71 a to 71c 
are also respectively provided with biasing members 
(not shown) for biasing the respective driving clutch 
discs of the pressing members 73a to 73c and the idle 
gears 74a to 74c away from each other. 
[0066] On the other hand, the speed-change opera- 
tion mechanism 80 as illustrated in FIG. 2 includes a 
second pressurized fluid line 81 to which the pressu- 
rized hydraulic fluid is fed from the charge pump 1 1 0, a 
first-speed line 82a, a second-speed line 82b and a 
third-speed line 82c respectively having first ends con- 
nected to the second pressurized fluid line 81 and sec- 
ond ends respectively communicated with the clutch de- 



vices 71a to 71c, and a first-speed shift valve 83a, a 
second-speed shift valve 83b and a third-speed shift 
valve 83c respectively disposed in the first to third speed 
lines 82a to 82c. 

5 [0067] The first to third-speed shift valves 83a to 83c 
respectively take an engaging position and a shutoff po- 
sition respectively enabling the communication/shutoff 
of the first to third speed lines 82a to 82c based upon 
signals transmitted from the control part hereinafter de- 

10 scribed. 

[0068] According to the thus arranged mechanical 
transmission 40, either one of the first to third speed 
lines 82a to 82c is communicated by controlling the first 
to third-speed shift valves 83a to 83c, thereby obtaining 

15 the change gear ratio corresponding to the ratio of the 
number of teeth on one of the idle gears 74a to 74c of 
one of the clutch devices 71 to which the pressurized 
hydraulic fluid has been fed and the number of teeth on 
one of the fixed gears 72a to 72c corresponding to the 

20 one of the idle gears. 

[0069] In FIG. 2, a reference numeral 81a represents 
a relief valve for setting the hydraulic pressure of the 
second pressurized fluid line 81. Reference numerals 
86a and 86b also respectively represent a lubricant line 

25 branched from the second pressurized fluid line 81 and 
a relief valve for setting the hydraulic pressure of the 
lubricant line. 

[0070] Now, the description will be made for the 
speed-change control mechanism 100. FIG. 3 is a block 

30 diagram of the speed-change control mechanism 1 00. 
As illustrated in this Figure, it includes a signal detection 
part 110 and a control part 150. 
[0071 ] The signal detection part 1 1 0 includes a load- 
torque detection means 1 1 1 for detecting the load torque 

35 of the HST 10, a swash-plate-angle detection means 
112 for detecting the swash plate angle of the HST 10, 
a lever-pivoting-angle detection means 1 1 3 for detect- 
ing the pivoting angle of a operation lever 19 designed 
for manual control of the swash plate of the HST 1 0, and 

40 a rotation detection means 1 1 4 for detecting the rotation 
number of the driven shaft of the mechanical transmis- 
sion 60. 

[0072] In this embodiment, potentiometers are dis- 
posed respectively on atrunnion shaft located atthe piv- 

45 oting center of the swash plate 1 1 b and a operation lever 
rod 1 9a for pivotally moving the operation lever 1 9 to act 
as the swash-plate-angle detection means 112 and the 
lever-pivoting-angle detection means 113 (see FIG. 2). 
[0073] The rotation detection means 1 1 4 is provided 

50 to detect whether or not the vehicle is actually travelling, 
and the vehicle speed is abruptly changed; Specifically, 
the rotation detection means 114 detects the rotation 
number of the driven shaft of either one of the tandemly 
arranged HST 10 and mechanical transmission 60, 

55 which is disposed in the downstream side of the power 
transmission path to detect the presence or absence of 
the vehicle travel and the abrupt change of the vehicle 
speed. 
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[0074J In this embodiment, the mechanical transmis- 
sion 60 is disposed on the downstream side ot the HST 
10, as illustrated in FIG. 1 , so that the rotation detection 
means 114 is adapted to detect the rotation of a driven 
wheel 122 of the mechanical transmission 60. 
[0075J The load-torque detection means 111 utilizes 
the proportional relationship between the HST working 
pressure and the HST load torque to detect the HST 
load torque. 

[0076] FIG. 4 illustrates the relationship between the 
HST working pressure and the HST load torque. As il- 
lustrated in this Figure, the HST load torque is propor- 
tional to the HST working pressure (the hydraulic pres- 
sure of the pair of hydraulic lines 20). 
[0077] The load-torque detection means 111 utilizes 
the above relationship, based upon which the load- 
torque detection means detects the HST working pres- 
sure (P) as a low load torque state where it is below a 
reference level (Pa) of low pressure side, and as a high 
load torque state where it is above a reference level (Pb) 
of high pressure side. 

[0078] Specifically, the load-torque detection means 
111 includes a detection mechanism 111a for detecting 
a reference level (Pa) of low pressure side, and a de- 
tection mechanism 111b for detecting a reference level 
(Pb) of high pressure side, as illustrated in FIG. 2. 
[0079] The detection mechanism 111a includes a first 
cylinder 1 21 a, a first piston 1 22a slidably disposed with- 
in the first cylinder 121a as dividing the first cylinder 
1 21 a into a working chamber 1 21 a" and a biasing cham- 
ber 1 21 a" in a liquid-tight manner, afirst biasing member 
123a disposed within the biasing chamber 121a" for 
pressing the first piston 1 22a towards the working cham- 
ber 121a', and a first detection line 124a having a first 
end connected to the pair of hydraulic lines 20 and a 
second end communicating with the working chamber 
121a*. The thus arranged detection mechanism acts in 
the manner as described below. 
[0080] Where the pressing force effected by the pres- 
surized hydraulic fluid fed from the pair of hydraulic lines 
20 via the first detection line 124a is larger than the bi- 
asing force of the first biasing member 123a, or where 
the hydraulic pressure of the pair of hydraulic lines 20 
is higher than the reference level (Pa) of low pressure 
side, the first piston 1 22a is pressed towards the biasing 
chamber 122a" against the biasing force of the first bi- 
asing member 123a by the pressing force of the pres- 
surized hydraulic fluid. Where the pressing force effect- 
ed by the pressurized hydraulic fluid fed from the pair of 
hydraulic lines 20 via the first detection line 124a is 
smaller than the biasing force of the first biasing member 
123a, or where the hydraulic pressure of the pair of hy- 
draulic lines 20 is lower than the reference level (Pa) of 
low pressure side, the first piston 122a is pressed to- 
wards the working chamber 121a* by the biasing force 
of the first biasing member 123a. 
[0081] The detection mechanism 111a for detecting 
the reference level of low pressure side includes a first 



switching means 1 25a disposed in such a manner as to 
move away from the first piston 1 22a during the first pis- 
ton 122a is pressed towards the biasing chamber 121 a", 
and abut against the first piston 1 22a during the first pis- 
5 ton 122aispressedtowardstheworkingchamber121a'. 
The first switching means 125a is designed to output a 
Pa detection signal. 

[0082] Specifically, the detection mechanism 111a 
has the first piston 1 22a adapted to abut against the first 

10 switching means 125a when the hydraulic pressure of 
the pair of hydraulic lines 20 drops below the reference 
level of low pressure side, thereby rendering the refer- 
ence level (Pa) of lower pressure side detectable. 
[0083] On the other hand, the detection mechanism 

is m b for detecting the reference level (Pb) of high pres- 
sure side includes a second cylinder 1 21 b, a second pis- 
ton 122b slidably disposed within the second cylinder 
1 21 b as dividing the second cylinder 121b into a working 
chamber 121b' and a biasing chamber 121b" in a liquid 

20 tight manner, a second biasing member 1 23b disposed 
within the biasing chamber 121b" for pressing the sec- 
ond piston 122b towards the working chamber 121b", 
and a second detection line 1 24b having a first end con- 
nected to the pair of hydraulic lines 20 and a second end 

25 communicating with the working chamber 121b'. The 
thus arranged detection mechanism acts in the manner 
as described below. 

[0084] Where the pressing force effected by the pres- 
surized hydraulic fluid fed from the pair of hydraulic lines 

30 20 via the second detection line 1 24b is smaller than the 
biasing force of the second biasing member 123b, or 
where the hydraulic pressure of the pair of hydraulic 
lines 20 is lower than the reference level (Pb) of high 
pressure side, the second piston 122b is pressed to- 

35 wards the working chamber 1 21 b' by the biasing force. 
Where the pressing force effected by the pressurized 
hydraulic fluid fed from the pair of hydraulic lines 20 via 
the second detection line 124a is larger than the biasing 
force of the second biasing member 123b, or where the 

40 hydraulic pressure of the pair of hydraulic lines 20 is 
higher than the reference level (Pb) of high pressure 
side, the second piston 1 22b is pressed towards the bi- 
asing chamber 121b' against the biasing force of the 
second biasing member 123b by the pressing force of 

45 the pressurized hydraulic fluid. 

[0085] The detection mechanism 111b for detecting 
the reference level of high pressure side includes a sec- 
ond switching means 125b disposed in such a manner 
as to move away from the second piston 122b during 

50 the second piston 1 22b is pressed towards the working 
chamber 121 b\ and abut against the second piston 
122b during the second piston 122b is pressed towards 
the biasing chamber 121b". The second switching 
means 125b is designed to output a Pb detection signal. 

55 [0086] Where the HST working pressure (P) is: (Pa) 
^(P)^(Pb), neither the detection mechanism 111a nor 
the detection mechanism 111b outputs the detection sig- 
nal. Accordingly, where both the detection mechanisms 
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111a and 111b do not output the detection signal, the 
control part 150 hereinafter described interprets the 
HST working pressure (P) as lying within the range de- 
fined by the formula: (Pa)^(P)^(Pb) and hence the load 
torque as lying in a proper state, based upon that fact. 
[0087] The control part 1 50 includes a processor 1 51 
having a CPU, and a memory 152 having a ROM and a 
RAM. 

[0088] The memory 152 stores data concerning the 
relationship between the HST load torque and the HST 
working pressure (hereinafter referred to as "torque-to- 
pressure-relationship) as illustrated in FIG. 4, and the 
relationship between the vehicle speed and the HST 
swash plate angle (hereinafter referred to as "vehicle- 
speed-to-swash-plate-angle-relationship) for each 
speed stage engaged of the mechanical transmission 
as illustrated in FIG. 5. 

[0089] The memory 152 also stores data for use in 
setting a switching condition for the shifting operation in 
the mechanical transmission 60. 
[0090] The switching condition is meant to include the 
hydraulic pressure of the one speed-change line com- 
municating with a currently engaging clutch device of 
the mechanical transmission 60, and the hydraulic pres- 
sure of the one speed-change line communicating with 
a clutch device to be subsequently engaged of the me- 
chanical transmission 60, and the time involved in shift- 
ing from the currently engaging clutch device to the sub- 
sequently engaging clutch device. Specifically, the 
switching condition is stored as the relationship between 
the hydraulic pressure of the speed-change line and the 
time involved (hereinafter referred to as "pressure-to- 
time-relationship"). It is possible to prepare a plurality of 
the pressure-to-time-relationships according to the HST 
load torque. 

[0091] The respective relationships described above 
may be stored as a look-up table or as a function. 
[0092] Now, the description will be made for a control 
flow chart by the control part 150 with reference to FIGS. 
7 to 10. FIGS. 7 and 8 are respectively control flow 
charts performed by the control part. 
[0093] FIGS. 9 and 10 are respectively control flow 
charts of sub-routine A in FIG. 8, and sub-routine B in 
FIG. 8. 

[0094] The control part 1 50 inputs the operation lever 
angle 6 x (step-1), and determines whether the opera- 
tion lever 19 lies at the neutral (N) position (step-2). 
Where the operation lever is determined as lying at the 
neutral position, the mechanical transmission is brought 
into engagement with a reference speed stage (step-3). 
Specifically, the control part 150 outputs via an output 
port a signal enabling only the second-speed shift valve 
83b to be positioned at an engaging position (see FIGS. 
2 and 3). 

[0095] Thus, it is possible to prevent an unintentional 
start of the vehicle since the mechanical transmission 
60 is brought into the engaging state after confirming 
that the operation lever lies at the N position. 



[0096] In this embodiment, the mechanical transmis- 
sion has three speed stages with a second speed stage 
being designated as the reference speed stage to ena- 
ble both the upshifting and downshifting from the refer- 
5 ence speed stage. 

[0097] The control part 1 50 then inputs a current op- 
eration lever angle 0 x again (step-4). When 6 x is not 
zero, or the operation lever is tilted in the positive rota- 
tion direction (F direction) or the negative rotation direc- 
ts tion (R direction) (see FIG. 2) by the driver, the control 
part 150 advances to step-6. 

[0098] On the other hand, where the operation lever 
angle 9 x is zero, or the operation lever lies at the N 
position, the control part 150 inputs the swash plate an- 

15 gle 6 (step-50), and determines whetherthe swash plate 
11b lies at the N position (step-51). Where the swash 
plate does not lie at the N position, the control part 150 
actuates the servo valve 52b (step-52) to control the 
swash plate angle G to zero. Thus, the N position re- 

20 spective to the operation lever 1 9 and the swash plate 
11b is adjusted through steps-50to -52. 
[0099] Where the operation lever 1 9 has been deter- 
mined as being tilted in either direction in step-5, the 
control part 150 recognizes a currently engaging speed 

25 stage of the mechanical transmission (step-6). The rea- 
son for recognizing again the engaging speed stage of 
the mechanical transmission in this step is that the me- 
chanical transmission, which has been confirmed as be- 
ing engaged with the reference speed stage (the second 

30 speed stage in this embodiment) at the time of vehicle 
start, may be shifted to a speed stage other than the 
second speed stage due to forcible upshifting or down- 
shifting of the mechanical transmission after the steps 
hereinafter described have been performed. 

35 [01 00] The control part 1 50 then detects whether the 
load torque of the HST 10 lies within a proper range in 
steps-7 and -8. Specifically, the control part 1 50 deter- 
mines based upon the signals from the load torque de- 
tection means 111 whetherthe hydraulic pressure (P) of 

40 the pair of hydraulic lines 20 of the HST 1 0 is above the 
reference level (Pb) of high pressure side (step-7), and 
whether it is below the reference level (Pa) of low pres- 
sure side. 

[0101] Now, the description will be made for the re- 
45 spective cases where the hydraulic pressure (P) of the 
pair of hydraulic fluid lines are: (i) Pa^P^Pb (proper 
load torque state), (ii) P>Pb (high load torque state), and 
(iii) P<Pa (low load torque state). 

so (i) Case: Pa^P^Pb (proper load torque state) 

[0102] In the proper load torque state, the control part 
150 determines the respective matters as being "NO" in 
steps-7 and -8, it advances to step-9. In step-9, the con- 
55 trol part 150 detects the rotation number of the driven 
shaft 232 of the mechanical transmission 60, and then 
determines whetherthe rotation number (n) of the driven 
shaft is zero in step-1 0. 
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[0103] Where n has been determined as n=0 in step- 
10, it is concluded that the swash plate 19b of the HST 
1 0 is not tilted to such an extent as to enable the vehicle 
to start, and therefore the motor shaft 1 5a is not rotated. 
Accordingly, the control part 150 inputs the swash plate 
angle 9 (step-11), and actuates the servo valve 52b to 
add a predetermined angle to the swash plate angle 
(step-1 2). In this embodiment, the predetermined angle 
to be added is set to n 1° Then, the control part 150 
returns to step-4. 

[0104] Specifically, steps-11 and -12 are provided to 
bring the vehicle from the stationary state to the travel- 
ling state. In this stage, the matching of the operation 
lever 19 to the angle of the swash plate 11b is not de- 
termined. 

[0105] On the other hand, where n has been deter- 
mined as n*0, the control part 150 advances to step- 
100, in which it inputs a current operation lever angle 0 
x, and calculates a displacement angle A 8 of the oper- 
ation lever (step-1 01). The displacement angle A 0 of 
the operation lever is obtained by storing at the RAM an 
operation lever angle 6 x\ which is the angle just before 
the tilting operation, and calculating the difference be- 
tween 6 x and 9 x'(0 x- 9 x'). 

[0106] Where A 8 x=0, it is concluded that the opera- 
tion lever has not been manipulated by the driver Ac- 
cordingly, the control part 150 does not control the 
swash plate, and returns to step-4. The control part 1 50 
then repeats the same flow. 

[01 07] Where A 9 x*0, it is concluded that the opera- 
tion lever has been manipulated by the driver. Then, 
there causes a necessity to tilt the swash plate accord- 
ing to the operation angle of the operation lever. Accord- 
ingly, the control part 150 inputs a current swash plate 
angle 9 (step-1 03), and actuates the servo valve 52b to 
control the swash plate angle to 9 x+ A 9 (step-1 94). The 
swash plate 1 1 b of the HST is thus tilted through an an- 
gle corresponding to the operation angle of the opera- 
tion lever by the driver. The control part then returns to 
step-4, and repeats the same flow. 

(ii) Case: P>Pb (high load torque state) 

[0108] Where the hydraulic pressure of the pair of hy- 
draulic lines 20 has been determined as lying in the high 
load torque state by the control part 1 50, it advances 
from step-7 to step-70 to detect whether the mechanical 
transmission 60 lies in a state enabling the shifting 
down, or is in engagement with the lowest speed stage. 
The reason for.detecting whether the mechanical trans- 
mission is in engagement with the lowest speed stage 
is to determine whether the control part 150 is to return 
to step-4 or to move to the sub-routine A. Specifically, 
where the mechanical transmission is in the high load 
torque state, the mechanical transmission is required to 
be downshifted to obtain a larger driving torque. How- 
ever, it is not possible to downshift the mechanical trans- 
mission in engagement with the lowest speed stage, or 



the first speed stage in this embodiment. Accordingly, 
where the mechanical transmission is in engagement 
with the first speed stage, the control part 150 simply 
returns to step-4. On the other hand, where the mechan- 
5 ical transmission 60 is not in engagement with the first 
speed stage, the control part 150 advances to the sub- 
routine A enabling the mechanical transmission 60 to 
be forcibly downshifted. 

[0109] As illustrated in FIG. 9, the control part 150 de- 

w tects a currently engaging speed stage of the mechan- 
ical transmission 60 in the sub-routine A (step-AI). In this 
embodiment, the mechanical transmission 60 has three 
speed stages. Accordingly, since it has already turned 
out in step-70 that the mechanical transmission 60 is not 

15 jn engagement with the first speed stage, it is possible 
to detect which of the second and third speed stages is 
in engagement, merely by detecting whether the signal 
enabling the engagement of the second speed stage is 
being outputted via the output port. Where the mechan- 

20 ical transmission has four or more speed stages, addi- 
tional determining steps are property arranged. 
[0110] Once the mechanical transmission has been 
determined as being in engagement with the second 
speed stage, the control part 1 50 advances to the flow 

25 of step-A100 and subsequent steps for downshifting 
from the second speed stage to the first speed stage. 
[0111] The control part 150 first inputs a current 
swash plate angle 0 in step-A100, and based upon the 
input level determines whether the downshifting is pos- 

30 sibie without causing the variation of the vehicle speed 
(step-A1 01). 

[0112] The determi nation in step-A101 is performed 
by using the "vehicle-speed-to-swash-plate-angle-rela- 
tionship" in each speed stage (see FIG. 5) of the me- 

35 chanical transmission 60 stored in the memory 1 52, and 
a current swash plate angle 9. 
[01 1 3] Specifically, it is possible to determine from the 
"Vehicle-speed-to-swash-plate-angle-relationship" the 
maximum vehicle speed V1max obtained by the en- 

40 gagement with the first speed stage. During the engage- 
ment of the second speed stage, the swash plate angle 
9 a enabling the output of the vehicle speed correspond- 
ing to the maximum vehicle speed V1max obtained by 
the engagement with the first speed stage is calculated. 

45 That is, the downshifting from the second speed stage 
to the first speed stage with the swash plate angle 9 ex- 
ceeding 9 a causes variations of the vehicle speed. 
[0114] The control part 150 thus determines whether 
the swash plate angle 9 exceeds 9 a determined by the 

50 "vehicle-speed-to-swash-plate-angle-relationship", and 
thereby determines whether the downshifting from the 
second speed stage to the first speed stage can be ac- 
complished without causing changes in vehicle speed. 
[01 15] Then, where a current swash plate angle 9 ex- 

55 ceeds 8 a, the control part 150 returns from the sub- 
routine A to step-4 in FIG. 7 without downshifting of the 
mechanical transmission. 

[0116] On the other hand, where a current swash 
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plate angle 8 is below 0 a, the control part 1 50 calculates 
the switching condition adapted for the downshifting op- 
eration from the second speed stage to the first speed 
stage, based upon the "pressure-to-time-relationship" 
according to a current HST load torque among the "pres- 
sure-to-time-relationships" stored in the memory 152 
(step-A102). 

[01 1 7] Specifically, as illustrated in FIG. 6, the control 
part 150 causes the hydraulic pressure of the second- 
speed line 82b to drop from Pmax to P2 at time t1 . P2 
is set within a pressure range enabling the generation 
of a torque equal to that generated at Pmax. That is, P2 
is set to a level on the condition that the hydraulic pres- 
sure of the second speed line 82b generates an engag- 
ing torque equal to that generated at Pmax. The reason 
for dropping the hydraulic pressure of the second speed 
line 82b to P2 is to limit as far as possible the time lag 
in switching action to a power shift device for the first 
speed stage. 

[01 1 8J On the other hand, the control part 1 50 causes 
the hydraulic pressure of the first speed line 82a to rise 
to such an extent not to enable the engagement with a 
power shift device for the first speed stage. This is to 
limit as far as possible the time lag in switching action 
to the power shift device for the first speed stage. Then, 
this state is kept until time t2. 
[01 1 9] At time t2, the hydraulic pressure of the second 
speed line 82b is lowered from P2, and the hydraulic 
pressure of the first speed line 82a is raised to P1 , so 
that the power shift device for the second speed stage 
is brought out of the engaging state, while the power 
shift device for the first speed stage is brought into the 
engaging state. 

[01 20J It is possible to limit the variation of the output 
torque during the shifting of the mechanical transmis- 
sion and hence accomplish the smooth shifting by re- 
spectively setting P2 and P1 to such levels as to match 
on a shaft 72 the engaging torque obtainable at P2 by 
the hydraulic pressure of the second speed line 82b with 
the engaging torque obtainable at P1 by the hydraulic 
pressure of the first speed line 82a. 
[0121] The levels of P2 and P1 can be set according 
to a gear ratio in each speed stage of the mechanical 
transmission. 

[0122] Subsequent to time t2, the hydraulic pressure 
of the first speed line 82a is gradually raised to Pmax, 
enabling the complete engagement of the power shift 
device for the first speed stage. 
[01 23] During the shifting of the mechanical transmis- 
sion, the hydraulic pressure of the one speed-change 
line coupled to a currently engaging clutch device is low- 
ered and kept in the pressure range enabling the gen- 
eration of the engaging torque occurring at that time, 
and then the hydraulic pressure of the one speed- 
change line coupled to a clutch device to be subse- 
quently engaged is raised to such a level as to match 
the aforesaid engaging torque with the engaging torque 
effected at the time of the shifting performed by a clutch 



device to be subsequently engaged, with the output 
shaft as reference. Thus, the smooth shifting of the me- 
chanical transmission can be accomplished. 
[0124] The control part 150 controls the actuation of 
s the first-speed shift valve 83a and the second-speed 
shift valve 83b based upon the aforesaid switching con- 
dition (step-A103). 

[01 25] The control part 1 50 then calculates the target 
angle 9* of the swash plate 11b (step-A104). In other 
io words, it calculates the angular position at which the 
swash plate 11b to be forcibly tilted is positioned. The 
calculation of the target angle 6' will be made as de- 
scribed below. 

[0126] First, a current vehicle speed V is calculated 
15 based upon the swash plate angle 6 inputted in step- 
A100 and the data concerning the second speed stage 
engaging state among the "vehicle-speed-to-swash- 
plate-angle-relationships" stored in the memory 152 
(see FIG. 5). Then, the swash plate angle 6' at which 
20 the vehicle speed V is obtainable during the engage- 
ment with the first speed stage is calculated based upon 
the vehicle speed V and the data concerning the first 
speed stage engaging state among the "vehicle-speed- 
to-swash-plate-angle-relationships". 
25 [0127] The control part 150 then actuates the servo 
valve 52b to tilt the swash plate 11b towards the target 
angle 0' (step-A1 05). At this time (i.e., an arbitrary time 
point from time t1 to time t2 in FIG. 6), the control part 
150 inputs the rotation number (n) of the driven shaft 
30 232 prior to determining the matching of the swash plate 
angles 0 and 0' (step-A106), and determines whether 
the rotation number (n) of the driven shaft 232 is unu- 
sually varied (step-A107). The reason for detecting in 
advance the unusual variation of the rotation number (n) 
35 of the driven shaft 232 will be described below. 

[01 28] That is, where the power transmission has not 
been properly accomplished due to some reason, re- 
sulting in the slippage of the wheels of the vehicle on a 
slope or the like in the course of the shifting of the me- 
40 chanical transmission (60) (i.e., a time period extending 
from time t1 to time t2 in FIG. 6), such wheel slippage 
can be prevented by shutting off the power shift device 
70b for the second speed stage and engaging the power 
shift device 70a for the first speed stage prior to match- 
es jng the swash plate angle 0 to the target angle 0'. 
[01 29] Accordingly, where the control part 1 50 has de- 
termined that the unusual variation is occurring in the 
rotation number (n) of the driven shaft 232, it immedi- 
ately advances from step-A1 07 to step-A11 0 to bring the 
50 power shift device 70b for the first speed stage into the 
engaging state. 

[0130] On the other hand, where no unusual varia- 
tions in the rotation number (n) of the driven shaft 232 
has been detected, the control part 1 50 inputs the swash 
55 plate angle 9 at that time (step-A1 08), and then actuates 
the servo valve 52b to match 9 with 9' (step-A109). 
[0131] Once detecting the swash plate angle 9 
matched to the target angle 9' (step- A1 10), the control 
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part 150 completes the downshifting from the power 
shift device 70b forthe second speed stage to the power 
shift device for the first speed stage. Specifically, the 
point at which the control part 150 starts to perform step- 
A1 10 corresponds to time t2 in FIG. 6. 
[0132] After the completion of the shifting operation, 
the control part 150 returns from the sub-routine A to 
step-4 in FIG. 7. 

[0133] Where the mechanical transmission 60 is in 
engagement with the third speed stage, the control part 
150 advances from step-A1 to step-A200, and in the 
flow of step-A200 to step-A220 performs the same con- 
trolling operations as those performed in the flow of 
step-A100 to step-A110. 

[0134] As described above, the control part 150 in- 
creases the driving torque through the automatic down- 
shifting of the mechanical transmission from a currently 
engaging speed stage to a lower speed stage, and in 
association with this downshifting operation controls the 
HST 1 0 to automatically shift to a vehicle speed increas- 
ing side, thereby preventing the variation of the vehicle 
speed due to the automatic downshifting of the mechan- 
ical transmission 60. 

(iii) Case: P<Pa (low load torque state) 

[0135] Once the hydraulic pressure of the pair of hy- 
draulic lines 20 has been determined as lying in the low 
load torque state, the control part 150 advances from 
step-8 to step-80, in which the control part 150 detects 
whether the mechanical transmission 60 lies in a state 
enabling the upshifting, or the mechanical transmission 
60 is in engagement with the maximum speed stage. 
That is, it detects whether the mechanical transmission 
60 is in engagement with the third speed stage. Where 
the mechanical transmission 60 is in engagement with 
the third speed stage, the control part 1 50 simply returns 
to step-4. 

[0136] On the other hand, where the mechanical 
transmission 60 is not in engagement with the third 
speed stage, the control part 1 50 advances to the sub- 
routine B enabling the forcible upshifting of the mechan- 
ical transmission 60. 

[0137] As illustrated in FIG. 10, the control part 150 
detects a currently engaging speed stage of the me- 
chanical transmission 60 (step-B1). In this embodiment, 
the mechanical transmission has three speed stages. 
Accordingly, since it has already turned out in step-70 
that the mechanical transmission 60 is not in engage- 
ment with the third speed stage, it is possible to detect 
which of the first ano* second speed stages is in engage- 
ment, merely by detecting whether the signal enabling 
the engagement of the second speed stage is being out- 
putted via the output port. Where the mechanical trans- 
mission has four or more speed stages, additional de- 
termining steps are properly arranged. 
[0138] Once the mechanical transmission has been 
determined as being in engagement with the second 



speed stage, the control part 150 advances to the flow 
of step-B100 and subsequent steps for upshifting from 
the second speed stage to the third speed stage. 
[0139] The control part 150 then calculates the 

5 switching condition adapted for the upshifting operation 
from the second speed stage to the third speed stage 
based upon the "pressure-to-time-relationship" corre- 
sponding to a current HST load torque, among the "pres- 
sure-to-time-relationships" stored in the memory 152 

10 (step-B100). 

[0140] The control part 150 then controls the actua- 
tion of the second-speed shift valve 83b and the third- 
speed shift valve 83c according to the switching condi- 
tion (step-B101). A specific control procedure is the 

is same as that of the sub-routine A. 

[0141] The control part 1 50 then calculates the target 
angle 0* of the swash plate 1 1 b (step-B1 02) . Specifically, 
it calculates the angular position at which the swash 
plate 11b to be forcibly tilted is positioned. The calcula- 

20 tion of the target angle 6' is made in the same manner 
as in the sub-routine A. 

[0142] The control part 150 then actuates the servo 
valve 52b to tilt the swash plate 11b towards the target 
angle 9' (step-B1 03). At this point (i.e., an arbitrary point 

25 from time t1 to time t2 in FIG. 6), the control part 150 
inputs the rotation number (n) of the driven shaft 232 
prior to determining the matching of the swash plate an- 
gle 0 to the target angle 8\ and then determines whether 
the rotation number (n) of the driven shaft 232 is unu- 

30 sually varied (step-B1 05) . 

[0143] Where the control part 150 has determined 
that the unusual variation is occurring in the rotation 
number (n) of the driven shaft 232, it immediately ad- 
vances from step-B1 05 to step-B1 08 to bring the power 

35 shift device 70c forthe third speed stage into the engag- 
ing stage. 

[0144] On the other hand, where no unusual varia- 
tions in the rotation number (n) of the driven shaft 232 
has been detected, the control part 1 50 inputs the swash 

40 plate angle 6 at that point (step-B1 06), and then actu- 
ates the servo valve 52b to match the swash plate angle 
0 to the target angle & (step-B107). 
[0145] Once detecting the swash plate angle 6 
matched to the target angle 9' (step-B108), the control 

45 part 150 completes the upshifting from the power shift 
device 70b for the second speed stage to the power shift 
device 70c for the third speed stage. Specifically, the 
point at which the control part 1 50 starts to perform step- 
B108 corresponds to time t2 in FIG. 6. 

so [01 46] After the completion of the shifting operation, 
the control part 150 returns from the sub- routine A to 
step-4 in FIG. 7. 

[0147] Where the mechanical transmission 60 is in 
engagement with the third speed stage, the control part 
55 150 advances from step-B1 to step-B200, and in the 
flow of step-B200 to step-B208 performs the same con- 
trolling operations as those performed in the flow of 
step-B100 to step-B108. 
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[0148] As described above, in the low load torque 
state, the control part 150 adapts the mechanical trans- 
mission to a state enabling the high-speed travelling by 
the automatic upshifting of the mechanical transmission 
from a currently engaging speed stage to a higher speed 
stage, and in association with this upshifting operation 
controls the HST 10 to automatically shift to a vehicle 
speed decreasing side, thereby preventing the variation 
of the vehicle speed due to the automatic upshifting of 
the mechanical transmission 60. 
[0149] FIGS. 11 and 12 illustrate graphs respectively 
showing various relationships between the HST swash 
plate angle and the vehicle speed in the travelling con- 
trol apparatus according to the present invention. 
[0150] FIGS. 11 A and 11 B are graphs respectively 
representing the case where the mechanical transmis- 
sion 60 was automatically downshifted from the second 
speed stage to the first speed stage, and the case where 
it was automatically downshifted from the second speed 
stage to the first speed stage, and then upshifted from 
the first speed stage to the second speed stage. 
[0151] FIGS. 12A and 12B are graphs respectively 
representing the case where the mechanical transmis- 
sion 60 was automatically upshifted from the second 
speed stage to the third speed stage (second -> third), 
and the case where the mechanical transmission was 
automatically upshifted from the second speed stage to 
the third speed stage, and then automatically downshift- 
ed from the third speed stage to the second speed stage 
(second -> third -^second). 

[01 52] V1 max, V2max and V3max in FIGS. 11 and 1 2 
represent the respective maximum vehicle speeds with 
the mechanical transmission in engagement with the 
first speed stage, the second speed stage and the third 
speed stage. 

[0153] As illustrated in FIG. 11 A, where the mechan- 
ical transmission 60 has been determined as being in 
the high load torque state during the engagement with 
the second speed stage, it is automatically downshifted 
to the first speed stage, while the swash plate of the HST 
1 0 is automatically tilted from 6 1 to 6 1 \ thereby increas- 
ing the output speed of the HST. As a result, the variation 
of the vehicle speed due to the shifting operation of the 
mechanical transmission is limited. 
[0154] Where the mechanical transmission 60 has 
been determined as being in the low load torque state 
during the vehicle travels with the first speed stage en- 
gaged, as illustrated in FIG. 11 B, it is automatically up- 
shifted from the first speed stage to the second speed 
stage, while the swash plate of the HST is automatically 
tilted from 8 2* to 8 2, thereby decreasing the output 
speed of the HST. As a result, the variation of the vehicle 
speed due to the shifting operation of the mechanical 
transmission is limited. 

[0155] 8 a in FIGS. 11 A and 11 B represents the upper 
limit of the swash plate angle enabling the downshifting 
from the second speed stage to the first speed stage 
without causing the variation of the vehicle speed. 



[0156] Similarly, where the mechanical transmission 
has been determined as lying in the low load state during 
the engagement with the second speed stage, as illus- 
trated in FIG. 12A, the mechanical transmission 60 is 

5 automatically upshifted to the third speed stage, while 
the swash plate of the HST 1 0 is automatically tilted from 
6 3 to 8 3\ thereby decreasing the output speed of the 
HST As a result, the variation of the vehicle speed due 
to the shifting operation of the mechanical transmission 

10 is limited. 

[0157] Where the mechanical transmission has been 
determined as lying in the high load state during the ve- 
hicle travels with the third speed stage engaged, as il- 
lustrated in FIG. 12B, the mechanical transmission 60 

15 is automatically downshifted from the third speed stage 
to the second speed stage, while the swash plate of the 
HST 10 is automatically tilted from 8 4 to 8 4', thereby 
increasing the output speed of the HST. As a result, the 
variation of the vehicle speed due to the shifting opera- 

20 tion of the mechanical transmission is limited. 

[0158] 8 p in FIGS. 12A and 12B represents the upper 
limit of the swash plate angle enabling the downshifting 
from the third speed stage to the second speed stage 
without causing the variation of the vehicle speed. 

25 [0159] In addition to various desirable effects as de- 
scribed above, the travelling control apparatus accord- 
ing to this embodiment provides the following effects. 
[01 60] In the vehicle with the HST and the mechanical 
transmission connected in tandem thereto, which are in- 

30 terposed in the travelling power transmission path be- 
tween the driving power source and the driving wheels, 
the travelling control apparatus includes the speed- 
change control mechanism with the signal detection part 
and the control part to control the changing of the output 

35 speed of the HST and the shifting operation of the me- 
chanical transmission. The signal detection part in turn 
includes the load-torque detection means for detecting 
the load torque to the vehicle. The control part is de- 
signed to control the mechanical transmission and the 

40 HST based upon the detected results by the load-torque 
detection means. Specifically, where the vehicle lies in 
the high load torque state, the control part downshifts 
the mechanical transmission to a lower speed stage, 
while increasing the output speed of the HST. Thus, it is 

45 possible to obtain a large driving torque through the au- 
tomatic downshifting of the mechanical transmission in 
the high load torque state, while limiting the variation of 
the vehicle speed due to the downshifting operation of 
the mechanical transmission. 

so [01 61 ] The control part is also designed to control the 
mechanical transmission and the HST based upon the 
results detected by the load-torque detection means in 
such a manner as to upshift the mechanical transmis- 
sion to a higher speed stage while decreasing the output 

55 speed of the HST where the vehicle lies in the low load 
torque state. Thus, it is possible to enable the high- 
speed travelling through the automatic upshifting of the 
mechanical transmission, while limiting the variation of 
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the vehicle speed due to the upshifting operation of the 
mechanical transmission. 

[01 62] An additional desirable effect can be provided 
by the travelling control apparatus having the additional 
arrangement described above. 
[0163] Specifically, the signal detection part includes 
the swash-plate-angle detection means for detecting 
the swash plate angle of the HST and the lever-pivoting- 
angle detection means for detecting the pivoting angle 
of the operation lever designed to manually control the 
swash plate. The memory of the control part stores data 
concerning the relationship between the swash plate 
angle and the vehicle speed, or the vehicle-speed-to- 
swash-plate-angle-relationship in each speed stage en- 
gaged of the mechanical transmission. The processor 
of the control part detects a current vehicle speed based 
upon the vehicle-speed-to-swash-plate-angle-relation- 
ship in a currently engaging speed stage of the mechan- 
ical transmission by using the swash plate angle input- 
ted from the swash-plate-angle detection means, and 
then determines based upon the vehicle-speed-to- 
swash-plate-angle-reiationship in a speed stage of the 
mechanical transmission to be subsequently engaged 
by using the detected vehicle speed whether the me- 
chanical transmission lies in a state enabling its shifting 
operation. Thus, it is possible to effectively prevent a rel- 
atively wide variation of the vehicle speed due to the 
shifting operation of the mechanical transmission. 
[0164] Once the processor has determined that the 
shifting operation of the mechanical transmission can 
be performed, it controls the swash plate based upon 
the vehicle-speed-to-swash-plate-angle-relationship in 
a speed stage of the mechanical transmission to be sub- 
sequently engaged, by using the detected vehicle 
speed. Thus, it is possible to limit the variation of the 
vehicle speed at the time of the shifting operation of the 
mechanical transmission. 

Embodiment 2 

[01 65] The description will hereinafter be made for an- 
other preferred embodiment of the travelling control ap- 
paratus according to the present invention with refer- 
ence to the appended drawings. FIG. 1 3 is a model view 
of the power transmission path of the vehicle to which 
the vehicle travelling control apparatus of this embodi- 
ment is applied. In the following description, corre- 
sponding or identical parts to those of the first embodi- 
ment have been given the same reference characters 
to omit a detailed description thereof . 
[0166] In the first embodiment, the hydraulic control 
of the mechanical transmission during the shifting oper- 
ation is electrically performed based upon the switching 
condition stored in the memory 152. In this embodiment, 
this hydraulic control is hydraulically performed accord- 
ing to the load torque applied to the vehicle. 
[0167] Specifically, the load torque applied to the ve- 
hicle (travelling resistance) during the vehicle travels is 



not constant, but varies depending on a condition as to 
whether the vehicle is at work, as well as the size of a 
load carried by the vehicle, road condition, and the like. 
For example, where the vehicle is driving over a flat 

5 paved road, the load torque applied to the vehicle is rel- 
atively small. On the other hand, where the vehicle is 
driving over an uphill slope or unpaved road, or the ve- 
hicle is a service vehicle that keeps a service operation 
during it travels, the high load torque is applied to the 

10 vehicle. 

[01 68] Where the hydraulic mechanical transmission 
is shifted to a different speed stage under this high load 
torque state, there may occur a relatively wide variation 
of the vehicle speed due to the shifting operation, and 

15 hence slipping out of the wheels, engine stalling or any 
other undesirable results in some cases, unless the hy- 
draulic pressure of the workingfluid fed to a subsequent- 
ly engaging clutch device is raised to a level enabling 
the clutch engaging and hence the transmission of the 

20 driving power. 

[0169] Under the high load torque state, there may al- 
so occur an inefficient transmission of the driving power 
due to the slippage of the clutch devices, unless the hy- 
draulic pressure of the working fluid fed to a subsequent- 

25 ly engaging clutch device is raised when switching to 
this clutch device. 

[01 70] This embodiment has been made in consider- 
ation of the above problems. Specifically, the hydraulic 
pressu re of the working fluid fed to the mechanical trans- 

30 mission 60 for each switching operation of the power 
shift devices 70 of the mechanical transmission 60 is 
controllable according to the load applied to the vehicle. 
[01 71 ] More specifically, the travelling control appara- 
tus of this embodiment includes a hydraulic-pressure 

35 control mechanism 500 in place of the speed-change 
operation mechanism 80. 

[0172] The hydraulic-pressure control mechanism 
500 includes a working fluid feeding hydraulic circuit 510 
acting as a feeding passage of the working fluid to the 

40 power shift device 70, and a delay relief valve 550 dis- 
posed within the hydraulic circuit. 
[0173] The working fluid feeding hydraulic circuit 51 0 
includes a charge line 511 for partially receiving the 
pressurized hydraulic fluid flowing from the charge 

45 pump 220 via the distributor 221 , a hydraulic pressure 
setting line 512 having a first end communicating with 
the charge line 51 1 , a first hydraulic pressure controlling 
line 513 having a first end communicating with the 
charge line 511 , a second hydraulic pressure controlling 

so line 514 having a first end communicating with the delay 
relief valve 550, a drain line 51 8 adapted to selectively 
communicate with the hydraulic pressure setting line 
512 in response to the motion of the delay relief valve 
550, a selector valve 520 having an input side to which 

55 a rear end of the charge line 511 is connected, a drain 
line 515 connected to the selector valve 520, first to third 
speed lines 516a, 516b, 516c respectively connected 
between an output side of the selector valve 520 and 
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the power shift devices 70a to 70c, and a releasing 
mechanism 530 for communication/shutdown of the 
second hydraulic pressure controlling line 514 with re- 
spect to the drain line 51 7 in response to the shifting of 
the selector valve 520. 

[0174] The selector valve 520 is of a electromagneti- 
cally switchable type that is adapted to move from the 
second speed engaging position to the first speed en- 
gaging position or the third speed engaging position 
based upon the signals from the control part 1 50. In FIG. 
1 3, the selector valve is illustrated as taking the second 
speed engaging position. 

[0175] The releasing mechanism 530 includes a 
check valve 531 b with a push pin 531 a disposed in the 
second hydraulic pressure controlling line 514. With this 
arrangement, the second hydraulic pressure controlling 
line 514 is brought into communication with the drain 
line 517 by pressing the push pin 531a towards the 
check valve 531b. 

[0176] The push pin 531a is regularly biased away 
from the check valve 531 b, enabling the second hydrau- 
lic line controlling line 51 4 to communicate with the drain 
line 517 only in the case that the push pin 531a is 
pressed towards the check valve 531 b. 
[0177] The releasing mechanism 530 includes a 
pressing member 532 for timely pressing the push pin 
51 a according to the position of the selector valve 520. 
Specifically, the pressing member 532 forms thereon 
three recesses 532a located corresponding to the posi- 
tions with which the selector valve 520 engages, and a 
protrusion 532b adapted to the moving state of the se- 
lector valve from one engaging position to a different en- 
gaging position, so that the push pin 531 a is not pressed 
where the selector valve 520 is positioned at either one 
of the engaging positions, while it is pressed only during 
the movement of the selector valve 520 from one en- 
gaging position to an adjacent engaging position. 
[0178] The description will now be made for the hy- 
draulic state of the working fluid feeding hydraulic circuit 
51 0 subjected to the movement of the selector valve 
520, by taking for example the cases, namely where the 
selector valve 520: (i) is positioned at the second speed 
stage engaging position, (ii) is moving from the second 
speed stage engaging position to the third speed engag- 
ing position, and (iii) is positioned at the third speed 
stage engaging position. 

[01 79] Case (i) where the selector valve is positioned 
at the second speed stage engaging position (i.e., the 
positional state as illustrated in FIG. 13): 
[0180] The second speed line 51 6b is communicated 
with the charge line 51 1 , while the first speed line 516a 
and the third speed line 516c are communicated with 
the drain line 51 5 via a throttle valve 521 disposed in the 
circuit of the selector valve 520. On the other hand, 
where the selector valve 520 is positioned at either one 
of the engaging positions, the second hydraulic pres- 
sure controlling line 514 is closed as described above. 
Accordingly, where the selector valve 520 is positioned 



at the second speed stage engaging position, the hy- 
draulic pressure of the second speed line 51 6b is raised 
to a level set by the delay relief valve 550 as time elaps- 
es, and kept at the set pressure level. 
s [0181] Case (ii) where the selector valve is moving 
from the second speed engaging position to the third 
speed engaging position: 

[0182] As described above, during the movement of 
the selector valve 520, the second hydraulic pressure 

10 controlling line 51 4 is communicated with the drain line 
51 7 by means of the releasing mechanism 530. Accord- 
ingly, the hydraulic pressure of the hydraulic line on the 
input side of the selector valve 520, specifically, the hy- 
draulic pressure of the second hydraulic pressure con- 
's trolling line 514, the first hydraulic pressure controlling 
line 513, the hydraulic pressure setting line 512 and the 
charge line 511 is lowered to a level as initially set. On 
the other hand, the second speed line 516b is brought 
into a closing state, so that its hydraulic pressure is kept 

20 at the aforesaid set level . 

[0183] Case (iii) where the selector valve is positioned 
at the third speed stage engaging position: 
[01 84] The first speed line 51 6a is communicated with 
the drain line 1 15, while the second speed line 51 6b and 

25 the third speed line 51 6c are respectively communicat- 
ed with the drain line 515 via the throttle valve 521 , and 
with the charge line 511 . On the other hand, where the 
selector valve 520 is positioned at the one engaging po- 
sition , the second hydraulic pressure controlling line 51 4 

30 is closed, as described above. Accordingly, where the 
selector valve 520 is positioned at the second speed 
stage engaging position, the hydraulic pressure of the 
third speed line 51 6c is raised to a level set by the delay 
relief valve 550 as time elapses, and kept at the set level. 

35 The hydraulic pressure of the second speed line 116b 
is gradually lowered by the throttle valve 521 . 
[0185] The description will now be made for the delay 
relief valve 550. FIGS. 14 to 16 respectively illustrate 
longitudinal cross sections of the delay relief valve 550 

40 and its periphery, and more specifically they respective- 
ly illustrate the cross sections of the delay relief valve in 
various load torque states with respect to the vehicle, 
namely in the low load torque state, medium load torque 
state and high load torque state. 

45 [0186] As illustrated in FIGS. 14 to 16, the delay relief 
valve 550 includes a sleeve 551 mounted within a valve 
casing 540, a control piston 552 axially slidably dis- 
posed within the sleeve 551 in such a manner as to de- 
fine at a first side of the sleeve 551 a hydraulic pressure 

50 controlling chamber 551a communicating with the first 
hydraulic pressure controlling line 513 and the second 
hydraulic pressure controlling line 514, a valve 553 ax- 
ially slidably disposed within the sleeve 551 in such a 
manner as to define at a second side of the sleeve a 

55 hydraulic pressure setting chamber 551 b communicat- 
ing with the hydraulic pressure setting line 512 and 
adapted to be selectively communicated with or shut off 
to the drain line 518, a hydraulic pressure setting spring 
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554 disposed within a spring chamber 551 c between the 
control piston 552 and the valve 553 of the sleeve in 
such a manner as to have a first end held on the control 
piston 552 and a second end held on the valve 553, and 
a throttle-opening control mechanism 560 for adjusting 
the diameter of a throttle aperture 560a adapted to reg- 
ulate, according to the load torque with respect to the 
vehicle, the amount of the working fluid fed from the first 
hydraulic fluid controlling line 513 to the hydraulic pres- 
sure controlling chamber 551a. 
[01 87] The description will now be made for the func- 
tion of the delay relief valve 550 by taking for example 
the case where the selector valve 520 is moved from 
the first speed stage engaging position to the second 
speed stage engaging position. 
[0188] As described above, where the selector valve 
520 is positioned at the first speed stage engaging po- 
sition, the charge line 51 1 is communicated with the first 
speed line 516a, while the second hydraulic pressure 
controlling line 514 is closed. Accordingly, the hydraulic 
pressure of the hydraulic pressure setting chamber 
551 b communicating with the hydraulic pressure setting 
line 51 2 is raised to a higher pressure, so that the valve 
553 is pressed towards the spring chamber 551c 
against the biasing force of the hydraulic pressure set- 
ting spring 554. Once the valve 553 is pressed towards 
the spring chamber 551c through a predetermined 
length, the hydraulic pressure setting chamber 551b is 
brought into communication with the drain line 518. In 
the relevant Figures, a reference numeral 519 repre- 
sents a drain line for opening the spring chamber 551c. 
[0189] Once the hydraulic pressure setting chamber 
551 b is communicated with the drain line 51 8 for the hy- 
draulic pressure setting, the hydraulic pressure in the 
hydraulic pressure setting chamber 551 b is lowered. Ac- 
cordingly, the hydraulic pressure setting spring 551c 
presses the valve 553 back towards the hydraulic pres- 
sure setting chamber 551b so that the hydraulic pres- 
sure setting chamber 551b is shut off to the drain line 
51 8. Thus, the hydraulic pressure of the hydraulic circuit 
is again raised. A terminal point of the valve 553 at the 
side of the hydraulic pressure setting chamber 551b is 
defined by a ring member 555 mounted on an inner pe- 
riphery of the sleeve 551 . 

[0190] Thus, the working flu id feeding hydraulic circuit 

510 is kept at a preset level which is determined by the 
biasing force of the hydraulic pressure setting spring 
554. 

[0191] The selector valve 520 under this state is 
moved from the second speed stage engaging position 
to the third speed stage engaging position. During this 
movement of the selector valve 520, the hydraulic pres- 
sure of the second hydraulic pressure controlling line 
514, the first hydraulic pressure controlling line 513, the 
hydraulic pressure setting line 512 and the charge line 

511 is once lowered to the initial hydraulic pressure lev- 
el. 

[0192] Whereby, the hydraulic pressure of the hydrau- 



lic pressure controlling chamber 551a communicated 
with the first hydraulic pressure controlling line 513 and 
the second hydraulic pressure controlling line 514 is 
lowered to the initial hydraulic pressure level. Accord- 

5 ingly, the control piston 552 is pressed towards the hy- 
draulic pressure controlling chamber 551a by the bias- 
ing force of the hydraulic pressure setting spring 554, 
and then positioned at a stop position closer to the hy- 
draulic pressure controlling chamber 551a (hereinafter 

'0 referred to the initial hydraulic pressure position) as il- 
lustrated in solid line in FIGS. 14 to 16. In this embodi- 
ment, the initial hydraulic pressure position is defined by 
a ring member 552. 

[0193] The selector valve 520 is then positioned at the 
is third speed stage engaging position, so that the second 
hydraulic pressure controlling line 514 is closed, while 
the charge line 511 is communicated with the third 
speed line 516c. Accordingly, the hydraulic pressure of 
the third speed line 51 6c communicated with the clutch 
20 device 71c for the third speed stage to be subsequently 
engaged starts to rise. 

[01 94] At this moment, the control piston 552 defining 
the hydraulic pressure controlling chamber 551 a com- 
municated with the first hydraulic pressure controlling 

25 line 513 and the second hydraulic pressure controlling 
line 514 is subjected to the hydraulic effect, and hence 
is pressed towards the spring chamber 55 1 c against the 
biasing force of the hydraulic pressure setting spring 
554, and lastly positioned at a stop position closer to the 

30 spring chamber 551c (hereinafter referred to the preset 
hydraulic pressure position) as illustrated in broken line 
in FIGS. 14 to 16. In this embodiment, the preset hy- 
draulic pressure position is defined by a stepped portion 
558 formed on the inner periphery of the sleeve 551 . 

35 [0195] Specifically, during the movement of the con- 
trol piston 552 from the initial hydraulic pressure position 
to the preset hydraulic pressure position, the hydraulic 
pressure of the hydraulic pressure setting chamber 
551b is raised in compliance with the increase of the 

40 biasing force effected by the hydraulic pressure setting 
spring 554. Thus, this arrangement can prevent the 
abrupt engagement of the clutch device 71c for moder- 
ate shock during the shifting operation, prevents exces- 
sive wear of friction plates in each clutch device, and 

45 provides other desirable effects. 

[0196] As illustrated in FIGS. 14 to 16, the throttle- 
opening control mechanism 560 includes a lid member 
561 sealing an open end of the sleeve 551 , defining the 
hydraulic pressure controlling chamber 551a in cooper- 
. 50 ation with the control piston 552 and forming therein a 
" communication hole communicating between the hy- 
draulic pressure controlling chamber 551a and the first 
hydraulic pressure controlling line 513, a sliding mem- 
ber 562 disposed within the communication hole of the 

55 (id member 561 in liquid tight and axially slidable man- 
ner, an HST line 563 having a first end adapted to com- 
municate with a higher pressure line of the pair of hy- 
draulic lines 20 in the HST 1 0, a hydraulic piston 564 for 
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pressing the sliding member 562 towards the hydraulic 
pressure controlling chamber 551 a through the hydrau- 
lic effect of the HST line 563, and a return spring 565 for 
biasing the sliding member 562 away from the hydraulic 
controlling chamber 551 a. 

[0197] In this embodiment, the throttle aperture 560a 
is formed between the inner periphery of the communi- 
cation hole of the lid member 561 and the outer periph- 
ery of the sliding member 562. 
[01 98] FIG. 1 7 is an exploded perspective view of the 
lid member 561 and the sliding member 562. As illus- 
trated in FIGS. 13 to 17, in this embodiment, the sliding 
member 562a has the outer periphery forming therein a 
throttle groove 562a extending along the axis thereof 
and becoming narrower as it advances from the outer 
end to the inner end of the sliding member 562. 
[0199] As illustrated in FIG. 13, the HST line 563 has 
a first end connected to the second detection line 1 24b 
connected to the pair of hydraulic lines 20 via a shuttle 
valve, enabling the communication to a higher pressure 
line of the pair of hydraulic lines 20. 
[0200] In the meantime, the load torque to the vehicle, 
which is varied according to the travelling condition of 
the vehicle, is proportional to the hydraulic pressure of 
a higher pressure line of the pair of hydraulic lines 20. 
That is, where the load torque of the vehicle is large, the 
hydraulic pressure of the higher pressure line of the pair 
of hydraulic lines 20 becomes higher. 
[0201] As described above, the hydraulic piston 564 
presses the sliding member 562 towards the hydraulic 
pressure controlling chamber 551 a through the hydrau- 
lic pressure of the HST line 563 against the biasing force 
of the return spring 565. Accordingly, as illustrated in 
FIGS. 1 4 to 1 6, the sliding member 562 adapted to move 
by receiving the pressing force from the hydraulic piston 
564 moves closer to the hydraulic pressure controlling 
chamber 551 a, as the hydraulic pressure of the HST line 
563 is raised to a high pressure side, so that the throttle 
aperture 560a can be wide open. 
[0202] A wide open throttle aperture 560a allows a 
large amount of the working fluid to flow from the first 
hydraulic pressure controlling line 513 to the hydraulic 
pressure controlling chamber 551 a. As a result, the hy- 
draulic pressure rising speed of the hydraulic pressure 
controlling chamber 551 a becomes higher. That is, the 
control piston 552 reaches the preset hydraulic pressure 
position in a shorter period of time, and the hydraulic 
pressure of the one speed-change line connected to a 
clutch device to be engaged also reaches the preset 
pressure level in a shorter period of time. 
[0203] Thus, the hydraulic-pressure control mecha- 
nism 100 is designed to raise the hydraulic pressure of 
the one speed-change line connected to a subsequently 
engaging clutch device at a higher speed as the load 
torque to the vehicle increases. 
[0204] Now, the description will be made with refer- 
ence to FIG. 18 for changes in the hydraulic pressure of 
the one speed-change line connected to a currently en- 



gaging clutch device and changes in the hydraulic pres- 
sure of the one speed-change line connected to a sub- 
sequently engaging clutch device during the shifting op- 
eration of the mechanical transmission 60 by taking for 
5 example the case where the mechanical transmission 
is upshifted from the second speed stage to the third 
speed stage. 

[0205] Where the selector valve 520 is positioned at 
the second speed stage engaging position, the second 

10 speed line 516b is kept at a preset hydraulic level 
(Pmax) set by the delay relief valve 550. The selector 
valve 520 is then moved to the third speed stage engag- 
ing position at time tl, enabling the second speed line 
516b to communicate with the drain line 515 via the 

15 throttle valve 521 . Subsequently, the hydraulic pressure 
of the second speed line 51 6b is gradually lowered from 
the preset hydraulic pressure to the initial hydraulic 
pressure level (part "A" in FIG. 8). 
[0206] On the other hand, the third speed line 51 6c is 

20 brought into communication with the charge line 511 . 
Before the selector valve 520 is shifted from the second 
speed stage engaging position to the third speed stage 
engaging position, the second hydraulic pressure con- 
trolling line 514, the first hydraulic pressure controlling 

25 line 513, the hydraulic pressure setting line 512 and the 
charge line 511 have been lowered to the initial hydraulic 
pressure level. Therefore, atthis shifting operation (time 
t1), the third speed line 516c remains at the initial hy- 
draulic pressure level. 

30 [0207] After time tl, the hydraulic pressure of the third 
speed line 51 6c is gradually raised by the effect of the 
delay relief valve 550, and after the elapse of a time pe- 
riod, exceeds a declining hydraulic pressure level of the 
second speed line 516b, so that the clutch device 71c 

35 for the third speed stage is engaged. That is, a subse- 
quently engaging dutch device is engaged at a time at 
which the hydraulic pressure of the one speed-change 
line communicating with a subsequently engaging 
clutch device exceeds the hydraulic pressure of the one 

40 speed-change line communicating with a currently en- 
gaging clutch device. 

[0208] In this regard, as described above, the slope 
angle of the curve representing the hydraulic pressure 
increase of the one speed-change line communicating 

45 with a subsequently engaging clutch device (the third 
speed line in this embodiment) becomes larger, as the 
load torque to the vehicle becomes larger. Accordingly, 
as illustrated in FIG. 18, the hydraulic pressure of the 
third speed line 51 6c exceeds the hydraulic pressure of 

50 the second speed line 51 6b and hence the clutch device 
for the third speed stage is engaged in a shorter period 
of time, as the load torque becomes larger. 
[0209] Observing the hydraulic pressure level at the 
switching moment to a subsequently engaging clutch 

55 device, or the time at which the hydraulic pressure of 
the one speed-change line communicating with a sub- 
sequently engaging clutch device exceeds the hydraulic 
pressure of the one speed-change line communicating 
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with a currently engaging clutch device, the hydraulic 
pressure level of the high torque state, the medium 
torque state, and the low torque stage are respectively 
positioned at P3, P2 (<P3) and P1 (<P2), in which the 
higher the load torque to the vehicle is, the higher the 
hydraulic pressure at the switching moment is. 
[0210] Accordingly, in the hydraulic-pressure control 
mechanism, the shifting operation can be performed 
with a larger engaging torque, as the load torque be- 
comes larger. Whereby, it is possible to obtain a proper 
engaging torque with respect to the vehicle load. This 
can prevent the slippage of the clutch devices, and 
hence secure the shifting operation. 
[0211] With the travelling control apparatus of this em- 
bodiment, which is equipped with the hydraulic-pres- 
sure control mechanism, a shift shock can be moderat- 
ed and the excessive wear of the friction plates in each 
clutch device can be prevented by slowly engaging the 
one clutch device for a subsequently engaging speed 
stage in case of the low load torque state. On the other 
hand, in case of the high load torque state, the clutch 
engagement can be performed in a shorter period of 
time with a higher pressure, so that the variation in the 
vehicle speed due to the shifting operation can be lim- 
ited, and a secured engagement of the clutch devices 
can be attained. 

[0212] According to the vehicle travelling control ap- 
paratus of this embodiment, the clutch engagement of 
the mechanical transmission at the time of the shifting 
operation can be performed according to the load torque 
to the vehicle at ideal timing without using complicated, 
high-precision and expensive electronic control system. 
[0213] The delay relief valve 550 can be manufac- 
tured in various forms. Specifically, the delay relief valve 
550 of this embodiment is designed so that the larger 
the load torque to the vehicle is, the largerthe rising rate 
of the hydraulic pressure in the one speed-change line 
communicating with a subsequently engaging clutch de- 
vice is. Instead of it, it is possible to adjust the initial hy- 
draulic pressure position at which the control piston 1 52 
is initially positioned, according to the magnitude of the 
load torque to the vehicle. In this arrangement, it is pos- 
sible to use a delay relief valve 550* equipped with a 
position adjusting mechanism 570 for adjusting the ini- 
tial hydraulic pressure position of the control piston 552 
in place of the throttle-opening control mechanism 560 
[0214] The position adjusting mechanism 570, as il- 
lustrated in FIGS. 1 9 to 21 , includes the lid member 561 , 
a sliding member 571 disposed within the communica- 
tion hole of the lid member 561 in liquid tight and axially 
slidable manner, the HST line 563, the hydraulic piston 
564, and the return spring 565. That is, the difference to 
the delay relieve valve 550 lies only in the shape of the 
sliding member. 

[0215] The sliding member 571 includes a body part 

572 forming therein a throttle groove 57 la with a uniform 
width extending along the axis, and an extension part 

573 extending from the inner end of the body part 572 



and abutting the control piston 552. 
[0216] As described above, the sliding member 571 
is moved closer to the hydraulic pressure controlling 
chamber 551 a as the hydraulic pressure of the HST line 

5 563 is raised to a high pressure side. Accordingly, as 
illustrated in FIGS. 1 9 to 21 , the initial hydraulic pressure 
position, at which the control piston 551 is positioned 
when the hydraulic pressure of the working fluid lies at 
the initial hydraulic pressure level, is moved closer to 

10 the preset hydraulic pressure position, as the hydraulic 
pressure of the HST line 563 is raised to a high pressure 
side. 

[0217] More specifically, the effective strokes of the 
control piston or the distances from the initial hydraulic 
*5 pressure position to the preset hydraulic pressure posi- 
tion for the low, medium and high load torque conditions 
lie respectively at L1, L2 (<L1), and L3 (L<L2) (see 
FIGS. 19 to 21). 

[0218] Accordingly, in the medium load torque condi- 

20 tion, the initial hydraulic pressure position of the control 
piston 151 is moved closerto the preset hydraulic pres- 
sure position by the distance corresponding to (L1-L2), 
as compared with the low load torque condition. Simi- 
larly, in the high load torque condition, the initial hydrau- 

25 lie pressure position of the control piston 151 is moved 
closer to the preset hydraulic pressure position by the 
distance corresponding to (L2-L3) as compared with the 
medium load torque condition. 
[021 9] Consequently, considering the case where the 

30 vehicle lies in the medium load torque condition in com- 
parison with the low load torque condition, the hydraulic 
pressure of a subsequently engaging speed-change 
line is raised to such a pressure level (the portion indi- 
cated by the arrow B in FIG. 22), through which the hy- 

35 draulic pressure causes the control piston 551 to move 
by the distance corresponding to (L1 -L2) without the in- 
fluence of the biasing force of the hydraulic pressure set- 
ting spring 554, as illustrated in FIG. 22. 
[0220] Turning to the case where the vehicle lies in 

40 the high load torque condition in comparison with the 
low load torque condition, the hydraulic pressure of a 
subsequently engaging speed-change line is raised to 
such a pressure level (the portion indicated by the arrow 
C in FIG. 22), through which the hydraulic pressure 

45 causes the control piston 551 to move by the distance 
corresponding to (L1 -L3) without the influence of the bi- 
asing force of the hydraulic pressure setting spring 554. 
[0221] Therefore, even if the delay relief valve 550* 
with the position adjusting mechanism 570 is used, it is 

50 possible to shorten a period of time after which the hy- 
draulic pressure of the one speed-change line connect- 
ed to a subsequently engaging clutch device exceeds 
the hydraulic pressure of the one speed-change line 
connected to a currently engaging clutch device and to 

55 raise a pressure level at this exceeding point, as the load 
torque to the vehicle is raised. Thus, this arrangement 
also provides the same effects as in this embodiment. 
[0222] It is a matter of course to provide a delay relief 
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valve equipped with the throttle-opening control mech- 
anism 560 and the position adjusting mechanism 570. 



Claims 5 

1 . A vehicle travelling control apparatus for a vehicle 
with an HST (10) and a mechanical transmission 
(30) connected In tandem to said HST, said HST 

and said mechanical transmission interposed in a 10 4. 
travelling power transmission path between a driv- 
ing power source (200) and driving wheels (210), 
which comprises: 

a speed-change control mechanism including '5 
a signal detection part (110) and a control part 
(150) for controlling the changing of the output 
speed of the HST and the shifting operation of 
the mechanical transmission; 
said signal detection part (11 0) including a load- 20 
torque detection means (111) for detecting the 
load torque with respect to the vehicle; and 
said control part (1 50) being designed to control 
the mechanical transmission and the HST 
based upon the detected results by said load- 2s 
torque detection means (1 11 ) so that where the 
vehicle lies in a high load torque state, the con- 
trol part (1 50) downshifts the mechanical trans- 
mission to a lower speed stage, while increas- 
ing the output speed of the HST. 30 

2. A vehicle travelling control apparatus according to 
claim 1 , wherein said control part (150) is designed 
to control the mechanical transmission and the HST 
based upon the detected results by said load-torque 35 
detection means (1 1 1 ) so that where the vehicle lies 

in a low load torque state, the control part (1 50) up- 
shifts the mechanical transmission to a higher 
speed stage, while decreasing the output speed of 
the HST *o 

3. A vehicle travelling control apparatus according to 
clajm 2, wherein: 

5. 

said HST includes a hydraulic pump (11 ) and a *5 
hydraulic motor (1 5) connected to said hydrau- 
lic pump via a pair of hydraulic lines (20); 
said load-torque detection means (111) is de- 
signed to detect whether the hydraulic pressure 
of sajd pair of hydraujic lines (20) is above a so 
reference level of high pressure side or below 
a reference level of low pressure side, thereby 
detecting which state out of the high load torque 
state, the low load torque state and a proper 
load torque state the vehicle lies in; 55 
said control part (1 50) includes a memory (152) 
for storing data concerning the relationship be- 6. 
tween the hydraulic pressure of said pair of hy- 



draulic lines (20) and the load torque of said 
HST, and a processor (151 ) for calculating con- 
trol signals transmitted to said HST and said 
mechanical transmission; and 
said processor (1 51 ) is designed to output con- 
trol signals for said mechanical transmission 
and said HST based upon the detected signals 
from said load-torque detection means (111). 

A vehicle travelling control apparatus according to 
claim 3, wherein: 

said HST has an output control member (11b); 
said signal detection part (110) includes a dis- 
placement-amount detection means (112) for 
detecting the displacement amount of said out- 
put control member (1 1 b) of the HST, and a le- 
ver pivoting angle detection means (1 1 3) for de- 
tecting the pivoting angle of a operation lever 
(19) designed to manually control the output 
control member (11b) of the HST; 
said memory (1 52) is also designed to store da- 
ta concerning a vehicle-speed-to-displace- 
ment-amount-relationship which is the relation- 
ship between the displacement amount of said 
output control member (11b) and a vehicle 
speed for each speed of said mechanical trans- 
mission; and 

said processor (151) is designed to detect by 
using the displacement amount of said output 
control member (11b) inputted from said dis- 
placement-amount detection means (112) a 
current vehicle speed based upon said vehicle- 
speed-to-displacement-amount-relationship in 
a currently engaging speed stage of said me- 
chanical transmission, and determine by using 
said detected current vehicle speed whether 
the mechanical transmission lies in a state en- 
abling its shifting operation, based upon the ve- 
hicle-speed-to-displacement-amount-relation- 
ship in a speed stage of the mechanical trans- 
mission to be subsequently engaged. 

A vehicle travelling control apparatus according to 
claim 4, wherein: 

said processor (151 ) is designed to control by using 
said detected current vehicle speed said output 
control member (11b) so as to prevent variation of 
the vehicle speed due to the shifting operation of 
the mechanical transmission, based upon the vehi- 
cle-speed-to-displacement-amount-relationship in 
a speed stage of the mechanical transmission to be 
subsequently engaged, where said processor (1 51 ) 
has determined that the shifting operation of the 
mechanical transmission can be performed. 

A vehicle travelling control apparatus according to 
claim 1 further comprising: 
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a hydraulic-pressure control mechanism (500) 
for controlling the hydraulic pressure of working 
fluid for effecting engagement and disengage- 
ment of clutch devices (71a, 71b, 71c) in said 
mechanical transmission; 5 
said hydraulic-pressure control mechanism 
(500) including a hydraulic circuit (510) acting 
as a feeding passage of said working fluid, and 
a delay relief valve (550) disposed within said 
hydraulic circuit (510) for gradually increasing to 
the hydraulic pressure of the working fluid fed 
to a clutch device of said clutch devices (71a, 
71b, 71c) to be subsequently engaged from an 
initial hydraulic pressure level to a preset hy- 
draulic pressure level; and is 
said delay relief valve (550) is designed so that 
the diameter of a throttle aperture (560a) for 
regulating the amount of the working fluid act- 
ing on a control piston (552) of said delay relief 
valve (550) is enlarged according to the in- 20 
crease of the hydraulic pressure in a hydraulic 
circuit of the HST. 

A vehicle travelling control apparatus according to 
claim 1 further comprising: 25 

a hydraulic-pressure control mechanism (500) 
forcontrollingthe hydraulic pressure of working 
fluid for effecting engagement and disengage- 
ment of clutch devices (71a, 71b, 71c) in said 30 
mechanical transmission; 
said hydraulic-pressure control mechanism 
(500) including a hydraulic circuit (510) acting 
as a feeding passage of said working fluid, and 
a delay relief valve (550) disposed within said 35 
hydraulic circuit (510) for gradually increasing 
the hydraulic pressure of the working fluid fed 
to a subsequently engaging clutch device of 
said clutch devices (71a, 71b, 71c) from an in- 
itial hydraulic pressure level to a preset hydrau- 40 
lie pressure level; and 

said delay relief valve (550) is designed so that 
the hydraulic pressure of the working fluid caus- 
es a control piston (552) of said delay relief 
valve (550) to move from an initial hydraulic 4 $ 
pressure position to a preset hydraulic pressure 
position, against the biasing force of a hydraulic 
pressure setting spring (554) biasing a valve 
(553), which is adapted to effect communica- 
tion with and shutting off to a. drain line (51 8), so 
towards a side enabling said shutting off to the 
drain line (518), when said delay relieve valve 
(550) gradually increases the hydraulic pres- 
sure of the working fluid from the initial hydrau- 
lic pressure level to the preset hydraulic pres- 55 
sure level, and said delay relief valve (550) is 
also designed so that said initial hydraulic pres- 
sure position of said control piston (552) moves 



closer to said preset hydraulic pressure posi- 
tion according to the increase of the hydraulic 
pressure in a hydraulic circuit of said HST. 

8. A vehicle travelling control apparatus according to 
claim 1 further comprising: 

a hydraulic-pressure control mechanism (500) 
for controlling the hydraulic pressure of working 
fluid for effecting engagement and disengage- 
ment of clutch devices (71a, 71b, 71c) in said 
mechanical transmission; 
said hydraulic-pressure control mechanism 
(500) including a hydraulic circuit (510) acting 
as a feeding passage of said working fluid, and 
a delay relief valve (550) disposed within said 
hydraulic circuit (510) for gradually increasing 
the hydraulic pressure of the working fluid fed 
to a subsequently engaging clutch device of 
said clutch devices (71a, 71b, 71c) from an in- 
itial hydraulic pressure level to a preset hydrau- 
lic pressure level; and 

said delay relief valve (550) is designed so that 
the hydraulic pressure of the working fluid caus- 
es a control piston (552) of said delay relief 
valve (550) to move from an initial hydraulic 
pressure position to a preset hydraulic pressure 
position, against the biasing force of a hydraulic 
pressure setting spring (554) biasing a valve 
(553), which is adapted to effect communica- 
tion with and shutting off to a drain line (518) 
towards a side enabling said shutting off to the 
drain line (518), when said delay relieve valve 
(550) gradually increases the hydraulic pres- 
sure of the working fluid from the initial hydrau- 
lic pressure level to the preset hydraulic pres- 
sure level, said delay relief valve (550) is also 
designed so that the diameter of a throttle ap- 
erture (560a) for regulating the amount of the 
working fluid acting on said control piston (552) 
is enlarged according to the increase of the hy- 
draulic pressure in a hydraulic circuit of the 
HST, and said delay relief valve (550) is de- 
signed so that said initial hydraulic pressure po- 
sition of said control piston (552) moves closer 
to said preset hydraulic pressure position ac- 
cording to the increase of the hydraulic pres- 
sure in a hydraulic circuit in said HST 
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